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(54) Method for determining service availability 

(57) A method of determining the availability of at 
least one of a plurality of different services in a wireless 
communication network comprising at least a first sta- 
tion and a second station which are in communication 
has the following steps. The pathloss between said first 
station and said second station is estimated, and based 



on the pathloss and the requirements of at least one of 
said services, the power with which said first station is 
required to transmit to said second station is deter- 
mined. The required power is compared with the maxi- 
mum power with which the first station is capable of 
transmitting. 
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Description 

[0001] The present invention relates to a method for determining the availability of at least one of a plurality of different 
services. 

5 [0002] In wireless cellular telecommunication networks, the network is divided into a plurality of cells each of which 
is served by a base station. Each base station is arranged to communicate with mobile terminals in the cell associated 
with base station. Known networks are arranged to deal with different information rates. For example, some voice 
information services can require a lower rate as compared to certain types of data information services. Other types 
of data services may only require a lower rate than voice services, for example some types of packet services. 

10 [0003] Code division multiple access (CDMA) systems have been proposed for cellular networks. For example, the 
IS-95 system in the USA uses code division multiple access. In these system a plurality of users in a given cell will use 
the same frequency at the same time. The users are distinguished by different spreading codes. When the number of 
users becomes large, interference between the users increases. This makes it harder to receive all the information 
correctly. Accordingly, a threshold is set and when the interference exceeds this level, no additional users are permitted 

is to use the cell in question. If the threshold is too high, a CDMA system might become unstable. On the other hand, if 
the threshold is too low, the capacity of the network is unnecessarily reduced. In a cell, higher bit rates can be used 
nearer the base station as compared with at the cell boundaries as the power requirement is much lower nearer the 
base station as compared to at the cell edge. Data transmission can take place at different bit or information rates as 
discussed hereinbefore. When the bit rate is increased, the transmitted power needs to be increased in order to maintain 

20 the required quality. 

[0004] In the third generation systems which are currently being proposed, it is envisaged that services other than 
just voice and data services may be provided. For example, data packet services and video information may also be 
transmitted and received. It has also been proposed that more than one application take place at the same time. For 
example a user may conduct a conversation at the same time that he sends a facsimile. The problems discussed 

2S hereinbefore will become of even more concern in these proposed third generation systems. 

[0005] It is an aim of embodiments of the present invention to reduce or overcome these disadvantages. 
[0006] By way of background, reference is made to Finish patent application No. 971 927, in the name of trie present 
applicant. This patent application relates to a proposed third generation systems such as UMTS (Universal Mobile 
Telecommunications System). In this proposed system, there are three or four different operating environments. These 

30 operating environments are : vehicular environment which utilises cells covering several kilometres; pedestrian envi- 
ronment which utilises cells covering hundreds of metres; office environment which utilises cells covering only a rela- 
tively few metres; and possibly the satellite environment which utilises cells which cover several hundreds of kilometres. 
These different environments may support different maximum data rates. For example, the maximum data rate sup- 
ported by the vehicular environment may be less than that supported by the office environment. In practice these 

35 different cells may overlie one another so that a mobile station may be in different types of cells at the same time. The 
mobile terminal thus collects information about the service provided by each base station of these different cells. The 
mobile station predicts the type of service, including the data rate, which it will require in the next connection. The 
mobile terminal will be connected to cell which provides the predicted type of service. One main problem with the 
arrangement disclosed in this document is that the 'end-user* does not know which services can be used at the user's 

40 location with respect to the base station with the current cell loading. 

[0007] According to one aspect of the present invention, there is provided a method of determining the availability 
of at least one of a plurality of different services in a wireless communication network comprising at least a first station 
and a second station which are in communication, said method comprising the steps of estimating the pathloss between 
said first station and said second station, and based on said pathloss and the requirements of at least one of said 

45 services, determining the power with which said first station is required to transmit to said second station; and comparing 
said required power with the maximum power with which the first station is capable of transmitting. 
[0008] Thus, in preferred embodiments of the present invention, a determination may be made as to the availability 
of a service before a connection using a particular service is attempted. A user may be able to determine whether or 
not a service might be available without using up network capacity in attempting to make a connection which will fail. 

50 The user may be provided with an indication of the available services. 

[0009] Preferably, the method further comprises the step of determining if said first station is able to provide said 
service based on said comparing step. 

[0010] The first station may be arranged to estimate the pathloss between said first and second stations. Preferably, 
the pathloss estimate is determined from information transmitted from the second station as to the power at which 
55 signals are transmitted from the second station and measurements at the first station as to the strength of signals 
received at the first station from the second station. The second station may transmit information to the first station as 
to the interference levels occurring in the signals received by the second station from the first station. 
[0011] The determining step preferably takes into account the interference level occurring in transmissions between 
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said first and second stations. 

[0012] If the interference is taken into account, it may be determined whether or not the second station is able to 
support a given service. Information relating to the maximum permitted interference level for signals which are trans- 
mitted from the first station to the second station may be transmitted to the first station from the second station. The 

s level of interference which would occur in the signals transmitted between the first and second station may be estimated 
from the current level of interference occurring in the signals transmitted between the first and second stations and the 
additional interference which would occur if the first station were to use one of said available services. Preferably, the 
current level of interference is obtained from information provided by the second station. 
[0013] The estimated level of interference may be compared with the maximum level of interference. 

to [0014] If the current level of interference between the first and second stations is the same as the maximum level of 
interference, then it is determined that none of the plurality of services are available. 

[0015] The availability of services may be determined from the maximum power by determining the greatest level of 
service which can be provided. This then allows the user to select services have the determined greatest level or 
services having lower requirement levels. 
15 [0016] An indication as to the availability of a given service may be provided by said first station. For example a 
suitable indication may be displayed on the display. The displayed availability may include a scale indicative of the 
level of service requirements which are available. Alternatively or additionally, the services which are available may 
be displayed. 

Preferably, said plurality of services have different minimum requirements. The at least one minimum requirement is 
20 taken into account when determining the availability of at least one service. The service requirements may include one 
or more of the following: bit rate and quality (eg, energy per bit requirement). 

[0017] The information determined by the first station in the determining step may be used by the wireless commu- 
nication network to calculate network requirements. The network requirements may comprise capacity requirements. 
[0018] The first station may be a mobile station and the second station may be a base transceiver station. The 
25 wireless communication network may use code division multiple access. Embodiments of the present invention are 
particularly advantageous when used in conjunction with a CDMA network. Unnecessary attempts to use service may 
be avoided thus improving capacity. Embodiments of the present invention may be advantageous when used in con- 
junction with a TDMA network. 

[0019] According to a second aspect of the present invention, there is provided a method of determining the avail- 
so ability of at least one of a plurality of different services having different requirements in a wireless communication 
network comprising at least a first station and a second station which are in communication, said method comprising 
the step of estimating the pathloss between said first station and said second station, and based on said pathbss and 
the maximum power with which the first station is capable of transmitting, determining the greatest service requirements 
which can be provided. 

35 [Q020] According to a third aspect of the present invention/there is provided a method of determining the availability 
of at least one of a plurality of different services in a wireless communication network comprising at least a first station 
and a second station which are in communication, said method comprising the step of estimating the interference in 
the signals transmitted between said first station and said second station, and based on the interference and the 
requirements of at least one of said services determining the power with which said first station is required to transmit 

40 to said second station; and comparing said required power with the maximum power with which the first station is 
capable of transmitting. 

[0021] For a better understanding of the present invention and as to how the same may be carried into effect, refer- 
ence will now be made by way of example to the accompanying drawings in which: 

45 Figure 1 shows a schematic diagram of a part of a wireless cellular network; and 

Figure 2 shows a first embodiment of the present invention. 

[0022] Reference will now be made to Figure 1 which shows a wireless cellular network 2. The network 2 comprises 
aplurality of cells 3, each of which is served by a respective base transceiver station 4. Each base transceiver station 
50 is arranged to send radio signals to and receive radio signals from terminals 6 in the cell 3 associated with the respective 
base station 4. The terminals may be mobile or fixed terminals. For example the terminal may be a mobile telephone 
or a data communication device. 

[0023] The embodiment of the present invention will be described in the context of a CDMA system. Thus all the 
terminals 6 in a given cell will use the 6ame frequency range to communicate with the base station 4. The different 
5s users will be distinguished by different spreading codes. The users will be able to use a number of different services 
such as: data packet services; circuit switched data services; voice information services; and video information services. 
It is of course possible for additional services to be available. Likewise, fewer services may be available. Each of the 
available services nas different quality requirements. The quality requirement could be percentage of bits which need 
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to be correctly received in order to support the particular service. This effects the power requirements with which each 
bit should be transmitted. Thus if a cell is supporting a large number of users, it may not be possible for one type of 
service to be supported but it may be possible that another type ol service can be supported. For example voice 
information services can be supported in cases where it is not possible to support other types of service. 
[0024] The quality of service can also be defined in terms of the energy per bit to noise spectral density ratio with 
which each bit is to be received (Ej/NJ. In order to ensure that a bit is correctly received, the power at which that bit 
is transmitted is increased. 

[0025] As will be described in more detail hereinafter, embodiments of the present invention are arranged to deter- 
mine which services are available to a user, taking into account the different quality requirements of each service. 
[0026] Reference is now made to Figure 2 which schematically shows a mobile station 10 and a base station 12 
which are in communication. The base station 12 transmits to the mobile station, via a control channel, information 
about the current power level used by the base station to transmit control signals to the mobile station and information 
about the interference level in the uplink. The uplink is the link from mobile stations to the base station 1 2. 
[0027] The mobile station 1 0 estimates the path loss between that mobile station and the base station 1 2. The path 
loss represents the difference in the power level at which a signal is received by the mobile station as compared to the 
power level at which that signal was transmitted by the base station 12. Using the estimated path loss and the maximum 
power with which the mobile station is capable of transmitting at that time, the mobile station is able to determine the 
types of service which are available to the user. Alternatively or additionally, the mobile station provides an indication 
of the quality of service for each of the possible service options, in both cases, the mobile station will take into account 
the uplink interference level information provided by the base station 12. The uplink interference level is a measure of 
the cell load, that is the number of users in a cell, taking into account the type of service being used by each user. The 
user of the mobile station is then advised of the different services which are available and/or the quality of each of the 
possible services. Information on the available services and/or the quality of the possible services may be displayed 
on a display 14 of the mobile station. 

[0028] The calculations which performed to provided this information will now be described in more detail hereinafter. 
[0020] The signal to noise and interference ratio of the base station can be expressed as follows: 

S/(N + l) = E b /(TW(N 0 + l 0 ))=E b R/(W(N 0 + l 0 )) (1) 

where 



S is the received signal power from the mobile station in question and is equal to E b / T; 
N is the received power of white Gaussian thermal noise; 
N 0 is the spectral density of the white Gaussian thermal noise N; 
I is the uplink interference power; 

l 0 is the spectral density of the uplink interference where the uplink interference I is assumed to be white Gaussian 
noise; 

W is the spread signal band width; 
40 E b is the bit energy; 

R is the bit rate and equal to 1/T; and 
T is the bit time. 



45 



[0030] If it is assumed that the power density of the thermal noise is negligible compared to the spectra] density of 
uplink interference, that is l 0 » N 0 Equation 1 then becomes: 



so 



ss 



S/l = E b R/WI 0 (2 ) 

[0031] Rearranging equation 2 gives: 

S = E b RI/WI 0 (3) 

[0032] As l/W = l 0 , then equation 3 becomes 
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S = E b RI 0 /l 0 = E b R 



(4) 



[0033] The base station is arranged to use a broadcast channel BCCH to broadcast to the mobile station the trans- 
mission power of the Perch channel (a control channel) in dBm ( 0 dBm = 1 mWatt and 30 dBm = 1 Watt). The Perch 
channel includes a broadcast channel. The mobile station is then arranged to estimate the path loss Lp ereh of the Perch 
channel. The received signal power S at the base station of signals received from the mobile station can be expressed 

as: 

S [dBm] = S T [dBm] - L Rerch [dB] (5) 

where 

S T is the mobile station transmission power. 
[0034] The mobile station 10 knows the Eb /N 0 values required for each different service in order to achieve the 
required quality. It can be assumed that the required E b /l 0 is the same as E b /N 0 . The base station informs the mobile 
station via the BCCH channel of the uplink interference power density l 0 for the cell using 6 bits. Other numbers of bits 
can of course be used in alternative embodiments of the invention. The mobile station then calculates the necessary 
transmission power for each type ol service by using the expression: 



S T [dBm]=E b /N 0 [dB] + RI 0 [dBm] + L perch [dB] (6) 

[0035] To recap, S x [dBm] is the necessary mobile transmission power for a given service, E b /No[dB] is ratio of the 
bit energy to the spectral density of the white noise, RI 0 [dBm] is the bit rate for the given service multiplied by the uplink 
interference power density received at the base station and LperchfdB] is the path loss between the base station and 
the mobile station! 

[0036] Using equation 6, the mobile station, when actively on and not in a sleep or standby mode, constantly com- 
pares for each different service the required transmission power to the maximum available transmission power which 
can be provided by the mobile station. If the required transmission power is greater than the maximum power which 
tan be provided by the mobile station, then the mobile station concludes that the availability of that service is poor. If, 
oh the other hand, the mobile station concludes that the required transmission power is less than the maximum power 
which the mobile station can provide, then the mobile station concludes that the service availability is good. 
[0037] The mobile station then advises the user, for example by displaying information on its display 14, as to which 
services satisfy the second criteria and are accordingly available. 

[0038] The display 14, as shown in Figure 2, include a scale which lists the available services in order of quality 
requirements. The display 14 indicates up to which level of service is available. In the example shown in figure 2, the 
mobile station is able to support the two lower quality services but hot the higher quality service. 
[0039] A modification to the embodiment shown in Figure 2 will now be described. The embodiment of Figure 2 takes 
into account the capability of the mobile station to support a given service. However no account is taken of the ability 
of the base station to support a given service with the required quality. If the base station is not able to support a given 
service with the required quality, the user would be unable to make the required connection. The modification which 
will now be described takes into account the capability of the base station to support a given service so that a user 
does not have the inconvenience of trying to make a connection which is then unsuccessful. In this embodiment, the 
base station 12 transmits, via the control channel the same information as is transmitted in the embodiment shown in 
Figure 2. However, the base station 1 2 additionally transmits information as to the maximum allowed uplink interference 
level. 

[0040] The mobile station' 10 performs the same calculations as in the embodiment of Figure 2. Thus the mobile 
station estimates the path loss and the availability of the different services. 

[0041] In the modification to the embodiment of Figure 2, the base station is arranged to advise the mobile station 
of the maximum uplink Interference level lo max that the base station can handle when the base station is at maximum 
capacity. The base station 1 2 uses the BCCH channel to inform the mobile station 1 0 of this information. This information 
is defined in dBm/Hz using 6 bits of the BCCH channel. With this additional information, the mobile station^ able to 
check whether its proposed transmission power for a proposed service causes too much interference in the uplink. If 
so, the mobile station will not even try to use that service. However it is possible that a service with a lower quality 
requirement would not cause too much interference and so could be used. 

[0042] The mobile station thus uses equation 6 as with the first embodiment. The mobile station therefore calculates 
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the necessary transmission power for each different service and then compares the calculated values with the maximum 
power with which the mobile station is able to transmit. For those services which the mobile station is able to support, 
the following further calculations are carried out to see if the base station is able to support those services. First the 
mobile station calculates the power level of the signal which would be received by the base station if the rnobiie terminal 
s were to transmit with the required power level for a given service. The mobile station uses equation 5 for this purpose 
where S represents the power level of the signal received at the base station, St is the transmission power used by 
the mobile station calculated using equation 6, and L Perch is the path loss between the mobile station and the base 
station. 

[0043] The mobile station then calculates the new uplink interference spectral density which would occur if the mobile 
io station were to use a given service. This is given by the following equation: 

, 0new =l 0oW +S/W (7) 

75 where 

I Onew is the new uplink spectral density; 

loow is the old uplink spectral density information which is transmitted from the base station to the mobile station; and 
S/W is the contribution to the spectral density if the mobile station were to use a given service with S being the 
power level of the signal which would be received at the base station and W is the spread signal bandwidth. 

[0044] The new uplink spectral density l 0new is then compared to the maximum uplink spectral density permitted 
!omax- M tn © n © w spectral density l 0n6W is greater than the maximum permitted spectral density l 0max the user is advised 
that the service in question is not available. If, on the other hand, the new spectral density is less the maximum 
permitted spectral density l 0max then the user is advised that the given service is available. 

[0046] It should be appreciated that if the current uplink interference is the same as the maximum interference level, 
then no further calculations need to be carried out as the cell is at capacity limit and that no further connections are 
possible. 

[0046] The final decision as to whether or not a given user is permitted to use a given service will be made in the 
base station and/or Jn a radio network controller. However, embodiments of the present invention allow the user to 
request access to a given service when it is likely that such a service could be supported. The user may be prevented 
from requesting access to a service where that service is unlikely to be supported. Alternatively, the user would not be 
prevented from requesting access to any service, but where it is likely that such a request is likely to be denied for the 
reasons discussed hereinbefore, a warning message could be displayed or an audible warning sound made. Even if 
a service is indicated as being supportable, in practice that service may not be supportable. This is because no account 
is taken of downlink capacity. However in embodiments of the present invention, the downlink capacity availability 
could be taken into account when advising a user of the availability of a service and/or the quality thereof. 
[0047] The modification to the embodiment of Figure 2 has the advantage that a user does not waste time trying to 
establish connections which are unsuppdrtable by the base station and in that unnecessary interference caused by a 
user trying to a make such a connection will be avoided. This is particularly advantageous in a CDMA system which 
is, interference limited. 

[0048] The embodiments which are described are in the context of a network having cells. However it should be 
appreciated that embodiments of the present invention are also applicable to networks which include cell sectors. Each 
cell sector shares a common base station location with an adjacent cell sectors. Typically one base station location 
will include three base stations which serve three sectors. Whilst separate base stations may be provided, there may 
be some sharing of components and all three base stations may be considered as a single entity. 
[0049] In an alternative embodiment of the invention, the mobile station is arranged to calculate the maximum bit 
rate which can be supported. The user can then select a service in accordance with this calculated value. 
[0050] In a modification to the embodiments described hereinbefore, the estimates can be used by the network 
instead of or as well as by the mobile station. The network can use a power margin estimate which is the difference 
between the maximum transmission power of the mobile station and the required transmission power for the; required 
service. The power margin estimate would be calculated by the mobHe station and transmitted to the network. The 
network is able to use this information in network loading calculations and capacity allocations to mobile stations. In 
these calculations, the quality of service requirements, for example the bit rate and E^ /Nq requirement, used by the 
mobile station can be some predetermined values known by the network. The mobile terminal would thus! calculate 
the power margin estimates based on the same bit rate and E^/No requirement and these power margin estimates 
would be sent to the network, The bit rate and E b /N 0 requirement are determined by the network. This information 



26 



30 



3$ 



40 



46 



SO 



55 



6 



•> 4 V 



EP 1011 208 A2 

could be used in packet data services or in normal circuit switched services. A network controller 1 6 which is connected 
to each base station 4 can use the power margin estimate. The network controller uses this power margin value to 
estimate the maximum bit rate which can be allocated to the mobile station on the uplink without the mobile station 
running out of power. The network controller function can alternatively be performed in each base station. 

s [0051] The embodiments of the present invention described hereinbefore have been described in the context of a 
CDMA system. However, it should be appreciated that embodiments of the present invention can be used in the context 
of any other suitable systems such as a TDMA (Time Division Multiple Access) system, a FDMA (Frequency Division 
Multiple Access) system, a SDMA (Space Division Multiple Access) system as well as hybrids thereof. 
[0052] In a TDMA system the base station does not need to send information about the received uplink interference 

10 level. In a range limited cell it can be approximated that the mobile station is the only one using that frequency band. 
Therefore, it is enough for the mobile station to estimate the pathloss between the base station and mobile station, 
and use that information to determine the availability of at least one of the plurality of different services. 
[0053] In a range limited TDMA system the mobile station calculates the necessary transmission power for each 
type of service by using the expression: 

15 

St [dBm]=S/Nl[dBl+(Wtdma*No)[dBm]4Lbcch[dB], 

where S/N is the required signal to noise ratio measured at the base station for a given service, Wtdma is the bandwidth, 
20 Lbcch is the pathloss of a broadcast control channel (BCCH) between the base station and the mobile station, and the 
other parameters are as defined hereinbefore. In an interference limited TDMA system, i.e., system with small cell 
sizes, an addition margin of 3dB can be added to the required S/N value. The mobile station, which has estimated the 
necessary transmission power by using the equation set out hereinbefore can then use that information to determine 
the availability of given service. 

25 



Claims 



1 . A method of determining the availability of at least one of a plurality of different services in a wireless communication 
30 network comprising at least a first station and a second station which are in communication, said method comprising 

the steps of: 

estimating the pathloss between said first station and said second station, and based on said pathloss and 
the requirements of at least one of said services, determining the power with which said first station is required 
35 to transmit to said second station; and 

comparing said required power with the maximum power with which the first station is capable of transmitting. 

2, A method as claimed in claim 1 , further comprising the step of: 

determining if said first station is able to provide said service based on said comparing step. 

40 

3; A method as claimed in claim 1 or 2 wherein said first station is arranged to estimate the pathloss between said 
first and second stations. 

4. A method as claimed in claim 3, wherein the pathioss estimate is determined from information transmitted from 
45 the second station as to the power at which signals are transmitted from the second station and measurements 

at the first station as to the strength of signals received at the first station from the second station. 

5. A method as claimed in any of the preceding claims, wherein the second station transmits information as to the 
interference levels occurring in the signals received by the second station from the first station. 

so 

6w A method as claimed in any preceding claim, wherein the determining step takes into account the interference 
level occurring in transmissions between said first and second stations. 

7. A method as claimed in claim 6; wherein reformation relating to the maximum permitted interference level for 
55 signals which, are transmitted from the first station to the second station is transmitted to the first station from the 

second station. 

8l A method as claimed in any preceding claim, wherein the level of interference which would occur in the signals 
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transmitted between the first and second station is estimated from the current level of interference between the 
first and second stations and the additional interference which would occur if the first station were to use one of 
said available services. 

9. A method as claimed in claim 8, wherein the current level of interference is obtained from information provided by 
the second station. 

10. A method as claimed in claim 7 and 8 or 9 t wherein said level of interference is compared with the maximum level 
of interference. 

11. A method as claimed in claim 10, wherein if the level of interference between the first and second stations is the 
same as the maximum level of interference, then it is determined that none of the plurality of services are available. 

1 2. A method as claimed in any preceding claim, wherein the availability of services are determined from the maximum 
is power by determining the greatest level of service which can be provided. 

13. A method as claimed in any preceding claim, wherein an indication as to the availability of a given service is 
provided by said first station. 

20 14. a method as claimed in claim 13, wherein the availability of a given service is displayed by said first station on a 
display thereof. 

15. A method as claimed in claim 14, wherein said display includes a scale indicative of the level of service requirements 
which are available. 

25 

16. A method as claimed in any preceding claim, wherein said plurality of services have different minimum service 
requirements. 

17. A method as claimed in claim 16, wherein at least one minimum service requirement is taken into account when 
30 determining the availability of at least one service. 

18. A method as claimed in claim 16 or 17, wherein said service requirements include one or more of the following: 
bit rate; and quality. 

35 19. A method as claimed in any preceding claim wherein information determined by the first station in the determining 
step is used by the wireless communication network to calculate network requirements. 

20. A method as claimed in claim 19, wherein a power margin estimate is calculated from the difference between the 
maximum power and the required power and said power margin estimate is used by 6akJ wireless communication 

*o network to calculate network requirements. 

21. A method as claimed in claim 19 or 20, wherein said network requirements comprise capacity requirements. 

22. A method as claimed in any preceding claim, wherein said first station is a mobile station. 

23. A method as claimed in any preceding claim, wherein said second station is a base transceiver station. 



45 



so 



24. A method as claimed in any one of the preceding claims, wherein said wireless communication network uses code 
division multiple access. 

25. A method as claimed in any one of claims 1 to 23, wherein said wireless communication network uses tirrie division 
multiple access. 

28. A method of determining the availability of at Iea6t one of a plurality of different services having different require- 
55 ments in a wireless communication network comprising at least a first station and a second station which are in 

communication, said method comprising the step of: 

estimating the pathloss between said first station and said second station, and based on said path loss and 
the maximum power with which the first station is capable of transmitting, determining the greatest service require- 
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ments which can be provided. 

27. A method of determining the availability of at least one of a plurality of different services in a wireless communication 
network comprising at least a first station and a second station which are in communication, said method comprising 
5 the step of: 

estimating the interference in the signals transmitted between said first station and said second station, and 
based on the interference and the requirements of at least one of said services determining the power with 
which said first station is required to transmit to said second station; and 
10 comparing said required power with the maximum power with which the first station is capable of transmitting. 
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